Purpose: In assisted reproductive technology, normal zygotes are bipronuclear (2PN) during fertilization confirmation; however, sometimes, nonpronuclear zygotes (0PN) and monopronuclear zygotes (1PN) are found during routine observations.
| INTRODUC TI ON
In extracorporeal fertilization methods, fertilization is confirmed by regularly observing the presence of zygotes with two pronuclei (2PN), 16-18 hours after insemination. However, sometimes, zygotes with no pronuclei (0PN) or one pronucleus (1PN) are found, with reported frequencies of 11.3%-20% 1 and 1.6%-7.7% 2 , respectively.
Such embryos are considered to be unfertilized or abnormally fertilized ova, and therefore, they are not suitable for clinical use and are discarded. However, such embryos sometimes undergo cleavage similar to normally fertilized 2PN-derived embryos 3 . Chromosomal analysis has shown that some 1PN-and 0PN-derived embryos are diploid and have normal chromosomal structure 4, 5 . Furthermore, births of healthy infants resulting from the transfer of such blastocysts have been reported 6, 7 .
To investigate the clinical usefulness of 1PN-and 0PN-derived embryos, a retrospective study was carried out. Clinical pregnancy, live birth, miscarriage, and congenital abnormality rates after transfer of frozen-thawed 1PN-and 0PN-derived single blastocysts were studied.
| MATERIAL S AND ME THODS

| Patients
This study covered 11588 female reproductive cycles, including both natural and hormone-replacement cycles, during which frozen-thawed single-blastocyst transfer was carried out at Denentoshi Ladies Clinic, Kanagawa, Japan, between January 2006 and December 2015. All women involved were aged 41 or younger at the time of oocyte retrieval. All embryos included in the study were observed periodically, and the clinical pregnancy, live birth, miscarriage, and congenital abnormality rates were compared retrospectively between fertilization methods and among 2PN-, 1PN-, and 0PN-derived blastocysts. In vitro fertilization (IVF) was carried out with 2PN-, 1PN-, and 0PN-derived blastocysts in 4942, 48, and 38 cycles, whereas intracytoplasmic sperm injection (ICSI) was carried out in 6489, 25, and 46 cycles, respectively. 
| Ovarian stimulation
| Cryopreservation
The embryos in this study had Gardner grades of 3BB or higher when cryopreserved on day 5 or 6. The criteria for cryopreservation of 1PN and 0PN embryos were the same as those for 2PN embryos. Cryopreservation was carried out by vitrification using vitrification medium (Kitazato Corporation, Shizuoka, Japan), and embryos were thawed in thawing medium (Kitazato Corporation, Shizuoka, Japan). After thawing, assisted hatching was carried out on all embryos by partial zona dissection.
| Frozen-thawed blastocyst transfer cycle
Before transfer of thawed embryos during the natural cycle, either natural or induced ovulation was confirmed, and five days later, frozen-thawed single-blastocyst transfer was performed. For transfer of thawed embryos during the hormone-replacement cycle, estradiol 
| Statistical analysis
For statistical evaluation of mean ages, a multiple comparison test was carried out using the Steel-Dwass method, with a statistical significance level of P < 0.05. For statistical evaluation of the clinical pregnancy, live birth, miscarriage, and congenital abnormality rates, the chi-square test was used, with a statistical significance level of P < 0.05.
| RE SULTS
No significant inter-group differences in the mean ages of the patiens 
| D ISCUSS I ON
In the present study, the clinical outcomes of transfers of frozenthawed single blastocysts obtained from 1PN-and 0PN-derived 0PN may result from (a) the lack of formation of a pronucleus, (b) disappearance of the pronucleus, or (c) an unfertilized ovum. In the case of lack of formation of a pronucleus or disappearance of the pronucleus, the fertilization process might be normal, but the cell cycle might be faster or slower than usual, making confirmation of the presence of a pronucleus impossible. In a previous study, timelapse observation after ICSI showed that the pronucleus can appear after up to 30.14 hours after sperm injection and can disappear as early as 6.16 hours after injection 22 . This suggests that in cases where fertilization was confirmed within 16-18 hours, the lack of pronuclei might be due to disappearance of pronuclei before confirmation of fertilization and/or the development of pronuclei after confirmation.
F I G U R E 2 Comparison of the outcomes for 2PN-, 1PN-, and 0PN-derived blastocysts obtained by intracytoplasmic sperm injection (ICSI)
In the present study, when 0PN was obtained by ICSI, the clinical outcome was nearly the same as that for 2PN, but when 0PN . In this study, 0PN embryos may include embryos in which pronuclei appeared or disappeared before and after fertilization was confirmed; however, the proportion of such embryos is considered infinitely small.
According to chromosome analysis, 44.4%-57.0% of 0PN embryos are diploid 5, 24 . Noyes et al, reported that the diploidy rate in 0PN-derived embryos on day 3 was only 3%, and the blastocyst stage was not reached even when 0PN culture was extended 25 .
All embryos included in the present study were frozen when they reached the blastocyst stage, and were therefore different from the embryos studied by Noyes et al, Previous reports have indicated that blastocyst culture is effective for selecting embryos with normal chromosomes among 1PN-and 0PN-derived embryos [5] [6] [7] , and it is probable that in the present study, 0PN-derived embryos with aberrant chromosomes were eliminated. Li et al, found that the implantation rate was lower for 0PN-derived embryos than for 2PN-derived embryos when frozen-thawed cleavage-phase transfer was performed. However, the implantation rates were nearly the same with blastocyst transfer 7 . Liao et al, reported a significantly higher diploidy rate for 1PN-derived blastocysts (74.6%) than for 1PN with halted cleavage (31.6%) 26 . In previous reports, However, artificial pronuclei and polar bodies might have been overlooked in this assessment.
Although the clinical outcome differed between 1PN and 0PN depending on the fertilization method, live births were achieved with both methods, and no congenital abnormalities were found.
In addition, the clinical outcomes for 1PN embryos obtained by IVF and 0PN embryos obtained by ICSI were nearly the same as those for 2PN embryos. This finding might broaden the range of opportunities for pregnancy, as it suggests it is possible to transfer 0PN-or 1PN-derived embryos into patients from whom 2PN-derived embryos could not be obtained and for whom obtaining 2PN embryos in future would be difficult. However, as reported previously, transfer of 1PN-and 0PN-derived embryos is uncommon; therefore, the numbers of subjects undergoing transplant of such embryos in this study were limited, and we could not predict the safety of using these embryos. Thus, any patient opting for this approach will have to give satisfactory informed consent. In addition, further detailed studies are required to investigate whether it is safe to transfer 1PN-derived embryos obtained by ICSI. Although no congenital anomalies were observed in this study, the safety of this approach is unknown given the few cases of 1PN transplanted embryos.
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